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PREFACE 

This  is t h e  e igh th  i n  a series of r epor t s  p re sen t ing  r e s u l t s  obtained from t h e  
S t r a t o s p h e r i c  Aerosol Measurement (SAM) I1 sensor  aboard t h e  Nimbus 7 s p a c e c r a f t .  
The f i r s t  6 months of d a t a  w e r e  p rev ious ly  reported by McCormick i n  NASA Reference 
Pub l i ca t ion  1081 e n t i t l e d  "SAM I1 Measurements of the  Polar  S t r a t o s p h e r i c  Aerosol , 
Volume I - October 1978 t o  Apri l  1979." S imi l a r ly ,  t h e  second 6 months of d a t a ,  cov- 
e r i n g  Apr i l  1979 t o  October 1979, were published i n  NASA Reference Publ ica t ion  1088, 
and t h e  t h i r d ,  f o u r t h ,  f i f t h ,  s i x t h ,  and seventh 6 months of d a t a  were repor ted  i n  
NASA Reference Pub l i ca t ions  1 1  06, 11 07 , 11 40, 11 41 , and 11 64, r e s p e c t i v e l y .  Each 
r e p o r t  con ta ins  s e l e c t e d  d a t a  products  such as ae roso l  e x t i n c t i o n  p r o f i l e s ,  ae roso l  
e x t i n c t i o n  i s o p l e t h s ,  temperature contours ,  and o p t i c a l  depths  a s soc ia t ed  wi th  
6 months of observa t ions .  The s a t e l l i t e  w a s  launched i n  l a t e  October 1978 and is  
s t i l l  provid ing  h igh-qual i ty  d a t a .  This  r e p o r t  i nc ludes  d a t a  from Apr i l  1982 t o  
October 1982. It is intended for f u t u r e  r e p o r t s  t o  cover subsequent consecut ive  
6-month t i m e  pe r iods .  

All t h e  SAM I1 d a t a  and d a t a  products  a r e  being arch ived  on magnetic t ape  a t  t he  
Nat ional  Space Sciences Data Center ,  NASA Goddard Space F l i g h t  Center ,  Greenbel t ,  
Maryland 20771, and are a v a i l a b l e  t o  i n t e r e s t e d  r e sea rche r s .  Because of t h e  l a r g e  
volume of d a t a  r e t r i e v e d  by the  SAM I1 system, it is  impossible  t o  p re sen t  a l l  t h e  
r e s u l t s  i n  hard-copy form. Consequently, t h i s  series of r e p o r t s  is intended t o  g ive ,  
i n  a ready-to-use v i sua l  format ,  an overview of t he  d a t a  products  being a rch ived .  I t  
con ta ins  a l a r g e  enough sampling of the r e s u l t s  t o  allow f o r  any a n a l y s i s  n o t  requir-  
i n g  t h e  e n t i r e  d a t a  base.  N o  attempt has been made i n  t h i s  r e p o r t ,  however, t o  pro- 
v ide  any s c i e n t i f i c  a n a l y s i s  wi th  the  d a t a  s e t .  Some i n v e s t i g a t i o n s  have been a l -  
ready i n i t i a t e d  by t h e  SAM I1 Science Team, which is  made up of t he  fol lowing people:  
G. W. G r a m s ,  Georgia I n s t i t u t e  of Technology; B. M. Herman, Wniversity of Arizona; 
T. J. Pepin,  Univers i ty  of Wyoming; P. R. Russe l l ,  NASA Ames Research Center ;  and 
M. P. McCormick, NASA Langley Research Center.  
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SUMMARY 

The S t r a t o s p h e r i c  Aerosol Measurement ( S A M )  I1 sensor  is f l y i n g  aboard t h e  
Ear th-orb i t ing  Nimbus 7 s p a c e c r a f t ,  providing e x t i n c t i o n  measurements of the  Antarc- 
t i c  and Arc t i c  s t r a t o s p h e r i c  ae roso l s  with a v e r t i c a l  r e so lu t ion  of 1 km. This re- 
p o r t  presents r ep resen ta t ive  examples and weekly averages of these  aerosol  d a t a  a s  
w e l l  as corresponding temperature p r o f i l e s  provided by the  National Meteorological 
Center  of the  Nat ional  Oceanic and Atmospheric Administration (NOAA) f o r  t he  time and 
place of each SAM I1 measurement during the  e ighth  6 months of s a t e l l i t e  f l i g h t ,  
Apr i l  1982 t o  October 1982. From the  aerosol  e x t i n c t i o n - p r o f i l e  da t a ,  contours  of 
ae roso l  e x t i n c t i o n  as a funct ion of a l t i t u d e  and longi tude  o r  t i m e  are p l o t t e d .  
Also, ae roso l  o p t i c a l  depths are ca l cu la t ed  for  each week. Seasonal v a r i a t i o n s  and 
v a r i a t i o n s  i n  space ( a l t i t u d e  and longi tude)  for both po la r  regions are e a s i l y  seen.  
Typical  values  of aerosol  e x t i n c t i o n  a t  the  SAM I1 wavelength of 1.0 pm i n  the  main 
s t r a t o s p h e r i c  ae roso l  layer are approximately 4 t o  6 t i m e s  lo-* km” a t  the  beginning 
t o  1 t o  2 t i m e s  km‘l a t  t he  end of t he  t i m e  per iod f o r  t he  Southern Hemisphere 
and approximately 1 t o  3 t i m e s  km-’ f o r  t he  Northern Hemisphere throughout t he  
t i m e  per iod .  Optical depths f o r  t he  s t r a tosphe re  are about 0.002 t o  0.009 f o r  t h e  
An ta rc t i c  region throughout t he  t i m e  per iod and about 0.007 a t  the  beginning t o  0.024 
a t  the  end of t he  t i m e  per iod €or  the  Arc t i c  region. The Arctic values  a r e  much 
l a r g e r  than the  background values of 1978 t o  1979 because of the  i n j e c t i o n  of aero- 
sols i n t o  the  s t r a t o s p h e r e  by the  e rup t ions  of Alaid (Apr. 1981 ) , of an u n k n m  vol- 
cano ( D e c .  1981 t o  Jan. 1982),  and of E1 Chichon (Mar. t o  A p r .  1982).  The An ta rc t i c  
values  are a l s o  e leva ted  over t he  background values of 1978 t o  1979 b u t  t o  a much 
lesser amount. Polar  s t r a t o s p h e r i c  clouds (PSC’s )  a t  a l t i t u d e s  between the  tropo- 
pause and 20 km w e r e  observed during the  Antarc t ic  win ter  a t  var ious t i m e s  and loca-  
t i o n s ,  as expected. N o  a t tempt  has been made i n  t h i s  r e p o r t  t o  g ive  any d e t a i l e d  
explana t ions  or  i n t e r p r e t a t i o n s  of these  da t a .  The i n t e n t  of t h i s  r e p o r t  is t o  pro- 
v ide ,  i n  a ready-to-use format,  a r ep resen ta t ive  sample of the  e igh th  6 months of 
d a t a  t o  be used i n  atmospheric and climatic s tud ie s .  

INTRODUCTION 

The SAM I1 sensor  is  aboard the  Earth-orbi t ing Nimbus 7 spacec ra f t  and is de- 
s igned t o  measure solar i r r ad iances  t h a t  have been a t t enua ted  by aerosol  p a r t i c l e s  i n  
t he  Arctic and An ta rc t i c  s t r a tosphe re .  A p r inc ipa l  goal  of t h i s  mission is t o  map 
these  po la r  ae roso l  l a y e r s  and t o  genera te  a long-term d a t a  base or  ae roso l  climatol- 
ogy. This d a t a  base w i l l  al low f o r  s t u d i e s  of ae roso l  changes due t o  seasonal  and 
short- term meteorological  v a r i a t i o n s ,  atmospheric chemistry and microphysics,  and 
volcanic  a c t i v i t y  and o the r  pe r tu rba t ions .  The r e s u l t s  obtained w i l l  be use fu l  i n  a 
number of a p p l i c a t i o n s ,  p a r t i c u l a r l y  the  evaluat ion of any p o t e n t i a l  climate e f f e c t  
caused by s t r a t o s p h e r i c  ae roso l s .  References 1 t o  8 are examples of papers which 
r e l y  on SAM I1 da ta .  

SAM I1 INSTRUMENT 

The SAM I1 instrument  c o n s i s t s  of a single-channel Sun photometer wi th  a 0.04-pm 
passband centered  a t  a wavelength of 1.0 m. This  i s  a region of t he  spectrum where 
absorp t ion  by atmospheric gases  is neg l ig ib l e ;  consequently,  any e x t i n c t i o n  is due t o  
s c a t t e r i n g  by ae roso l  p a r t i c l e s  and a i r  molecules. 



In opera t ion ,  t he  instrument  is  a c t i v a t e d  s h o r t l y  be fo re  each s u n r i s e  or s u n s e t  
encountered by t h e  s a t e l l i t e .  A sensor  w i t h  a wide f i e l d  of view is  used t o  i n d i c a t e  
t h e  Sun's presence.  Two similar senso r s  then p o i n t  t h e  SAM I1 t o  wi th in  ;tO.O3O i n  
azimuth ( l e f t  and r i g h t ) .  A mirror  begins  a r ap id  v e r t i c a l  scan u n t i l  t he  Sun image 
i s  acqui red  by t he  SAM I1 te lescope .  The mi r ro r  then s lowly scans  v e r t i c a l l y  a c r o s s  
t h e  Sun a t  a rate of 0.25 degree pe r  second r eve r s ing  i t s e l f  each t i m e  a Sun-limb 
c r o s s i n g  occurs. The en t rance  window t o  t h e  SAM I1 te l e scope  only passes  s u n l i g h t  of 
wavelength g r e a t e r  than 0.9 vm. A c i r cu la r  a p e r t u r e  placed a t  t h e  image p lane  s e r v e s  
t o  d e f i n e  the  ins t rument ' s  ins tan taneous  f i e l d  of view t o  be 0.5 minute of arc. This  
corresponds t o  a v e r t i c a l  r e s o l u t i o n  i n  t h e  atmosphere of approximately 0.5 km a l t i -  
tude.  From the t e l e scope  t h e  l i g h t  is d i r e c t e d  through an i n t e r f e r e n c e  f i l t e r ,  which 
rejects a l l  but t he  1.0-pm-wavelength (20.02 p) passband, t o  a photodiode d e t e c t o r .  
L igh t  i n t e n s i t y  as a func t ion  of t i m e  i s  d i g i t i z e d ,  recorded,  and te lemetered  back t o  
Ear th .  These d a t a  are reduced t o  y i e l d  t h e  t r a n s m i s s i v i t y  of t h e  atmosphere as a 
func t ion  of a l t i t u d e  and then inve r t ed  t o  g ive  t h e  e x t i n c t i o n  c o e f f i c i e n t  as a func- 
t i o n  of a l t i t u d e  ( e x t i n c t i o n  p r o f i l e ) .  The inve r s ion  procedures  used are desc r ibed  
i n  Chu and McCormick ( r e f .  9 ) .  

A desc r ip t ion  of t he  SAM 11 instrument ,  and of t he  experiment i n  gene ra l ,  is 
given by McCormick e t  a l .  (ref.  1 0 ) .  Fur ther  d e s c r i p t i v e  and t echn ica l  d e t a i l s  are 
found i n  Russe l l  e t  a l .  ( r e f .  1 1 )  and The Nimbus 7 User's Guide ( r e f .  1 2 ) .  

THE N I M B U S  7 SATELLITE ORBIT AND SAM I1 MEASUREMENTS 

The SAM I1 instrument ,  a long wi th  a number of o t h e r  s enso r s ,  is  mounted on t h e  
Nimbus 7 Ear th-orb i t ing  s a t e l l i t e .  The o r b i t a l  c h a r a c t e r i s t i c s  of t h i s  s a t e l l i t e  
determine the  measurement oppor tun i t i e s  and geographic l o c a t i o n s  of t h e  SAM I1 mea- 
surements.  Recall  t h a t  t he  mode of opera t ion  of t h e  ins t rument  is such t h a t  it t a k e s  
data dur ing  each s u n r i s e  and sunse t  encountered. The Nimbus 7 s a t e l l i t e  has  an 
o r b i t a l  per iod of 104 minutes,  which means t h a t  it circles t h e  Ear th  n e a r l y  14 t i m e s  
p e r  day. Each t i m e  the s a t e l l i t e  e n t e r s  i n t o  or emerges from t h e  E a r t h ' s  shadow, 
t h e r e  is  a measurement oppor tuni ty  f o r  t he  SAM 11. Consequently, t he  ins t rument  
t akes  d a t a  during approximately 14 s u n r i s e s  and 14 sunse t s  each Ear th  day. The o r b i t  
of t he  sa te l l i t e  is a high-noon, Sun-synchronous one; t h a t  is ,  each t i m e  t he  satel- 
l i t e  c rosses  the Equator, t h e  c e n t e r  of t he  Ear th ,  t he  sa te l l i t e ,  and t h e  c e n t e r  of 
t h e  Sun a l l  f a l l  along a s t r a i g h t  l i n e .  In genera l  terms, th i s  means t h a t  t he  or- 
b i t a l  p lane  of t he  sa te l l i t e  is  f ixed  wi th  respect t o  the  Sun and t h a t  a l l  sunse t s  
occur i n  the  Arctic region whereas a l l  s u n r i s e s  occur i n  the  An ta rc t i c  reg ion .  In 
t h e  course  of a s i n g l e  day, measurements of t h e  s t r a t o s p h e r i c  aerosol w i l l  be ob- 
t a ined  a t  14 po in t s  spaced 26O a p a r t  i n  l ong i tude  i n  t h e  Arctic region and s i m i l a r l y  
for  t h e  An ta rc t i c  region.  All t he  p o i n t s  ob ta ined  dur ing  1 day i n  a given region 
w i l l  be a t  very nea r ly  t h e  same l a t i t u d e ,  b u t  as t i m e  p rogresses ,  t he  l a t i t u d e  of the 
measurements w i l l  s lowly change wi th  t h e  season by l o  t o  2 O  each week, g radua l ly  
sweeping o u t  the area from 64O t o  80°. Figure 1 shows t h i s  l a t i t u d i n a l  coverage €o r  
the period covered by t h i s  r e p o r t .  Lowest l a t i t u d e  coverage occurs  a t  t h e  s o l s t i c e s  
whereas t h e  h ighes t  l a t i t u d e s  are measured a t  t h e  equinoxes.  

In the  course of 1 week, t h e r e f o r e ,  t h e  ins t rument  makes about  98 measurements 
i n  each region, a l l  i n  a band of l a t i t u d e  of approximately 1 O . These measurements 
g ive  a f a i r l y  dense s e t  of d a t a  p o i n t s .  when t h e  l o c a t i o n s  of a l l  t h e  measurements 
obtained i n  1 week are p l o t t e d  on a geographic s e t  of axes ,  one f i n d s  t h a t  the sepa- 
r a t i o n  b e t w e e n  t h e  p o i n t s  is  only about  40 i n  longi tude .  In  a 6-month per iod  of 
t i m e ,  t h e  t o t a l  number of observa t ions  i s  of the  order  of 5000. 
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DATA PRODUCTS 

The b a s i c  d a t a  product  is the  e x t i n c t i o n  p r o f i l e  obtained dur ing  each measure- 
ment oppor tun i ty ,  which can be analyzed t o  determine t h e  l a t i t u d i n a l  , l ong i tud ina l  , 
and temporal v a r i a t i o n s  i n  the  s t r a t o s p h e r i c  ae roso l .  A d e t a i l e d  d e s c r i p t i o n  of a l l  
t h e  d a t a  products  t h a t  are scheduled f o r  rou t ine  a rch iv ing  i s  given i n  s e c t i o n  5 of 
The Nimbus 7 User's Guide ( r e f .  1 2 ) .  These include tapes of the  fol lowing:  r a w  
r ad iance  as a func t ion  of t i m e  f o r  each sunr i se  and sunse t ;  and ae roso l  e x t i n c t i o n  
c o e f f i c i e n t ,  molecular e x t i n c t i o n  c o e f f i c i e n t ,  and modeled ae roso l  number d e n s i t y  as 
a func t ion  of a l t i t u d e .  

This  r e p o r t  p re sen t s  a po r t ion  of t h e s e  da t a .  S p e c i f i c a l l y ,  it con ta ins  t h e  
e i g h t h  6-month's da t a  of t he  fol lowing:  weekly averages of SAM I1 e x t i n c t i o n  pro- 
f i l e s ;  a I-day sample f o r  each week of aerosol  e x t i n c t i o n  as a func t ion  of a l t i t u d e  
and longi tude ;  i s o p l e t h s  of weekly averaged ex t inc t ion  p r o f i l e s  p l o t t e d  a g a i n s t  t i m e ;  
and t a b l e s  of weekly averaged s t r a t o s p h e r i c  o p t i c a l  depth.  These and the  many d a t a  
products  genera ted  r ep resen t  f a r  too  much mater ia l  t o  p r e s e n t  i n  a reasonably s i z e d  
r e p o r t .  I t  w a s  decided, t he re fo re ,  t o  present i n s t e a d  averages and r e p r e s e n t a t i v e  
samples of the  d a t a  products .  Where appropr ia te ,  t he  temperature p r o f i l e  o r  average 
temperature  p r o f i l e  f o r  the  l o c a t i o n  a t  which t h e  SAM I1 measurements were made i s  
given wi th  t h e  ae roso l  da t a .  The temperature d a t a  w e r e  suppl ied  by t h e  Nat ional  
Meteorological  Center  of t he  Nat ional  Weather Serv ice  of NOAA and are i n t e r p o l a t e d  
from t h e i r  gr idded g loba l  d a t a  sets ( r e f .  13 ) .  The opt ica l -depth  d a t a  are c a l c u l a t e d  
d i r e c t l y  from t h e  ae roso l  e x t i n c t i o n  p r o f i l e  (which g ives  ae roso l  e x t i n c t i o n  coe f f i -  
c i e n t  as a func t ion  of a l t i t u d e )  by i n t e g r a t i n g  between the  a l t i t u d e  l e v e l s  of i n t e r -  
est. These d a t a  are presented  i n  t h e  form of t a b l e s .  . 

EXTINCTION PROFILES 

The average of a l l  e x t i n c t i o n  p r o f i l e s  measured by SAM I1 f o r  a given week and 
t h e  corresponding average temperature p r o f i l e s  are presented  i n  f i g u r e s  2 t o  1 1 .  
The temperatures  a t  given p res su re  l e v e l s  of 1000, 500, 300, 150, 100, 70, 50, and 
10 mil l ibars  (1  mil l ibar  = 100 Pa) are provided by NOAA f o r  each SAM I1 measurement. 
These are averaged t o  g ive  a temperature a t  each p res su re  l e v e l  and p l o t t e d  a t  t h e  
average a l t i t u d e  o€ t h a t  l e v e l .  The ho r i zon ta l  ba r s  on both the  e x t i n c t i o n  and t e m -  
p e r a t u r e  p r o f i l e s  show the  one-standard-deviation range i n  t h e  d a t a .  When a v a i l a b l e  
the  tropopause h e i g h t  (averaged over each week) is ind ica t ed  by a h o r i z o n t a l  arrow 
n e a r  t h e  l e f t  o rd ina te .  The average l a t i t u d e  f o r  t h e  week is given on each p l o t .  
The p r o f i l e s  i n  f i g u r e s  2 t o  6 f o r  t h e  Arc t ic  region and i n  f i g u r e s  7 t o  11 f o r  t h e  
A n t a r c t i c  reg ion  show very high values .  This is p r imar i ly  due t o  the  Apr i l  27, 1981 , 
e rup t ion  of Alaid (50.8O N,  155.5O E ) ,  the  l a t e  1981 t o  e a r l y  1982 e rup t ion  of an un- 
known volcano, and the  March 28, Apri l  3, and A p r i l  4, 1982, e rup t ions  of E l  Chichon 
(17.3' N ,  93.2O W ) .  F igures  8 t o  10 show the in f luence  of p o l a r  s t r a t o s p h e r i c  c louds  
(PSC's) on t h e  p r o f i l e s  f o r  t he  Southern Hemisphere dur ing  win te r .  

EXTINCTION ISOPLETHS 

Figures  12 t o  63 p resen t  i s o p l e t h s  of ae roso l  e x t i n c t i o n  and temperature  con- 
t o u r s  f o r  a I-day sample taken from each week of the  6-month per iod .  The e x t i n c t i o n  
i s o p l e t h s  are p l o t t e d  as e x t i n c t i o n  as a funct ion of a l t i t u d e  and long i tude  and w e r e  
generated from t h e  14 ind iv idua l  e x t i n c t i o n  p r o f i l e s  f o r  t h e  p a r t i c u l a r  day by us ing  
a cubic-sp l ine  contouring program. The tension of t h e  cubic-sp l ine  f i t  w a s  s e t  a t  
2.5. Once aga in ,  because of the  l a r g e  amount of d a t a ,  a l l  t h e  i s o p l e t h s  obtained are 
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n o t  presented.  In s t ead ,  1 day from each week has  been randomly chosen f o r  presenta-  
t i o n .  The da tes  f o r  the  day a r e  ind ica t ed  i n  the  legends as they a r e  given i n  t h e  
computer. The decimal f r a c t i o n  r e f e r s  t o  the  t i m e  of day. (For  example, Apr i l  28.09 
means 2 : l O  a.m. on Apri l  28.) The values  l abe led  on the  e x t i n c t i o n  i s o p l e t h s  a r e  
s c a l e d  by 10 , and the  value of t he  k t h  contour  is  equal t o  1.32 t i m e s  t he  value of 
t h e  k - 1 contour.  The i s o p l e t h  marked "12"  corresponds t o  an e x t i n c t i o n  of 
1.20 x 
l i n e s  marked "1 " correspond t o  1.32 x 
axes of each f igu re  i n d i c a t e  the  longi tude  of t he  ind iv idua l  p r o f i l e  measurement t h a t  
w a s  incorporated i n t o  the  i s o p l e t h ,  The v e r t i c a l  l i n e  i n d i c a t e s  t he  prime meridian 
(O' E ) .  The tropopause he igh t ,  when a v a i l a b l e ,  is  ind ica t ed  wi th  a circle conta in ing  
a p lus  s ign  (0) .  
i n t e r p o l a t i o n s  between one e x t i n c t i o n  p r o f i l e  and the  n e x t .  This should be k e p t  i n  
mind when i n t e r p r e t i n g  the  d a t a .  Note t h a t  i n  some of t he  p l o t s  a l l  14  d a t a  p r o f i l e s  
f o r  t he  day were no t  a v a i l a b l e .  

5 

km-'. The p l o t t i n g  rou t ine  used t r u n c a t e s  decimal p o i n t s ,  so  t h a t  t he  
The t i c k  marks on the  h o r i z o n t a l  km" . 

The l i n e s  between the  e x t i n c t i o n  values  a t  the  t i c k  marks are 

The temperature contours are labe led  i n  k e l v i n s  and a r e  separa ted  by 3 K. Local 
minimum values a r e  marked wi th  an "L" and maximum values  with an "H." 

Figures  12  t o  37 show the  Arc t ic  measurements and f i g u r e s  38 t o  63 show the  
An ta rc t i c  measurements. The p l o t s  show rather i n t e r e s t i n g  v a r i a t i o n s  i n  the  ae roso l  
as a func t ion  of longi tude.  These v a r i a t i o n s  have n o t  been observed i n  measurements 
obtained wi th  o the r  methods because t h i s  s a t e l l i t e  system is the  f i r s t  t o  obta in  a 
high d e n s i t y  of measurements i n  a s h o r t  t i m e  i n t e r v a l ,  thus al lowing such p l o t s  t o  be 
made. This s e t  of p l o t s  a l s o  enables  one t o  observe the  c o r r e l a t i o n s  which e x i s t  
between t h e  aerosol  e x t i n c t i o n  and the  temperature.  For example, some of t he  p l o t s  
revea l  t he  presence of PSC's ,  which occur i n  the  An ta rc t i c  region i n  the  win te r .  
(See f i g s .  45 t o  60.) The corresponding temperature f i e l d s  show very l o w  tempera- 
t u r e s  a t  t he  loca t ion  of t he  PSC ' s .  The s t r a tosphe r i c -c loud  s i g h t i n g s  a r e  descr ibed  
i n  d e t a i l  by McCormick e t  a l .  i n  re ference  14. F i n a l l y ,  t he  presence of t ropospher ic  
c louds and aerosols  extending up t o  the  tropopause are e a s i l y  seen. 

SIX-MONTH AVERAGE OF AEROSOL EXTINCTION 

Figures  64 and 65 p resen t  contours of t he  weekly average of ae roso l  e x t i n c t i o n  
as a func t ion  of t i m e .  The corresponding weekly average of temperature is a l s o  
shown. 

In each f i g u r e  the  average weekly ae roso l  e x t i n c t i o n  a t  I-km a l t i t u d e  i n t e r v a l s  
is p l o t t e d  as a func t ion  of a l t i t u d e  and t i m e .  Each average weekly ae roso l  value can 
be regarded as a zonal mean s i n c e  the  l a t i t u d e  coverage is  only about 1 degree pe r  
week and measurements made during a week span 360' longi tude ,  wi th  a spacing of about 
4'. The temperature p l o t s  were generated by eva lua t ing  the  weekly average tempera- 
t u r e  a t  I-km i n t e r v a l s  and p l o t t i n g  isotherms as a func t ion  of a l t i t u d e  and t ime. 
F igure  64 i s  f o r  t he  Arc t i c  region and f i g u r e  65 is  f o r  t he  An ta rc t i c  region.  Fur- 
t h e r  desc r ip t ions  and ana lyses  of these  p l o t s  a r e  found i n  McCormick e t  a l .  
( r e f .  1 5 ) .  

OPTICAL DEPTH 

Tables I and I1 contain weekly averaged values  of t he  ae roso l  o p t i c a l  depth € o r  
t h e  Arc t i c  and An ta rc t i c  measurements. The opt ica l -depth  value depends c r i t i c a l l y  on 
the  method used f o r  i ts  eva lua t ion .  The o p t i c a l  depths  a r e  obtained by eva lua t ing  
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t h e  i n t e g r a l  of each e x t i n c t i o n  p r o f i l e  from a given a l t i t u d e  t o  30 km. These pro- 
f i l e s  were eva lua ted  from 2 km above the  tropopause up t o  30 km. I f  t he  lowest  p o i n t  
a t  which e x t i n c t i o n  values  are a v a i l a b l e  i s  higher i n  a l t i t u d e  than the  tropopause 
p l u s  2 km, then the  value of e x t i n c t i o n  a t  t h a t  p o i n t  i s  extended down t o  the  tropo- 
pause p l u s  2 km. The o p t i c a l  depths  obtained from a l l  the e x t i n c t i o n  p r o f i l e s  dur ing  
a given week are then averaged and the  r e s u l t a n t  values  a r e  presented i n  t he  t a b l e s ,  
week by week, f o r  the per iod covered by this r epor t .  An optical-depth value of 100 
is  100 x o r  0.001. Also included i n  the t ab l e s  a r e  the  averaqe l a t i t u d e  of the  
measurement p o i n t  and the  average tropopause he igh t  f o r  t he  p a r t i c u l a r  week. 

CONCLUDING REMARKS 

This  r e p o r t  has presented a r ep resen ta t ive  sample and summaries of t he  e igh th  
6 months ( A p r .  25, 1982, t o  O c t .  23, 1982) of the  S t r a tosphe r i c  Aerosol Measurement 
( S A M )  I1 s a t e l l i t e  data. I t  i s  divided i n t o  Arc t i c  and Antarctic measurements and 
inc ludes  consecut ive  weekly averages of aerosol  e x t i n c t i o n  p r o f i l e s ,  a r e p r e s e n t a t i v e  
1-day i s o p l e t h  (contours  of aerosol  ex t inc t ion  as a func t ion  of a l t i t u d e  and longi-  
tude)  f o r  each week, and contours  of t he  weekly average of aerosol  e x t i n c t i o n  as a 
func t ion  of a l t i t u d e  and time €or t h i s  6 months. In add i t ion ,  t he  s t r a t o s p h e r i c  
ae roso l  o p t i c a l  depth,  averaged €or each week, is given i n  t abu la r  form. Temperature 
d a t a ,  provided by the  National Weather Service from t h e i r  gridded a n a l y s i s  corre-  
sponding t o  the  t i m e  and loca t ion  of t h e  SAM I1 measurement, a r e  included wi th  t h e  
ae roso l  e x t i n c t i o n  da ta .  They are p l o t t e d  as average temperature p r o f i l e s  (or 
contours )  o r  tropopause he ights .  

A t  t he  t i m e  of t h i s  r e p o r t ,  about 8 years  a f t e r  i t s  launch i n  October 1978, 
SAM I1 cont inues  t o  provide h igh-qual i ty  da ta .  This r e p o r t  is intended t o  provide 
r e p r e s e n t a t i v e  and summary d a t a  i n  a ready-to-use v i sua l  format f o r  rap id  u s e  i n  
atmospheric and c l i m a t i c  s t u d i e s .  It is intended t h a t  f u t u r e  6-month r e p o r t s  using 
t h i s  same format cont inue t o  be published. 

NASA Langley Research Center 
Hampton , VA 23665-5225 
May 21 , 1986 
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T A B L E  I.- AVERAGE O P T I C A L  DEPTH FOR A R C T I C  REGION 

Week 1 L a t i t u d e ,  ON b e g i n n i n g  - 

A p r .  25, 1982 
May 2, 1982 
May 9, 1982 
May 16, 1982 
May 23, 1982 
May 30, 1982 
June 6, 1982 
June 13, 1982 
June 20, 1982 
June 27 , 1982 
J u l y  4, 1982 
J u l y  11 , 1982 
July 18, 1982 
J u l y  25, 1982 
A u g .  1, 1982 
A u g .  8, 1 82 
AUg. 15, 982 
AUg. 22, 982 
AUg. 29, 982 
Sept. 5, 982 
Sept. 12, 1982 
Sept. 19, 1982 
Sept. 26, 1982 
O C t .  3, 1982 
O C t .  10, 1982 
O C t .  17, 1982 

74.3 
72.4 
70.7 
69.3 
68.1 
67.1 
66.5 
66.1 

66.4 
67 .O 

69.2 
70.2 
72.1 
73.5 
75.6 
77.4 
79.1 
80.3 
81 .1 
81 .1 
80.4 
79.1 
77.5 
75.7 

66.1 

67 -9  

A v e  rage tropopause 
he ight ,  km 

7.76 
8.18 
8.44 
8.85 
8.93 
9.22 
9.55 
9.78 

10.19 
10.24 
10.26 
10.24 
10.43 
10.21 
10.05 

9.84 
9.63 
9.48 
9.03 
9.01 
8.67 
8.92 
9.40 
9.21 
8.67 
5.85 

A v e r a g e  optical  depth measured 
from tropopause p lus  2 km 

720.1 x 
774.6 
853.3 

1123.8 
1471 .6 
1393 .O 
1327 .O 
1595.6 
1579.3 
1522.6 
1617.1 
1468.7 
151 2.5 
1642.8 
1626.6 
1661.6 
1980.6 
1844.6 
1898.4 
1871.8 
1824.9 
1989.2 
2018.1 
2351 .O 
2378.1 
2373.3 
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TABLE 11.- AVERAGE OPTICAL DEPTH FOR ANTARCTIC REGION 

La t i tude  , OS Week 
beginning - 

A p r .  25, 1982 
May 2, 1982 
May 9, 1982 
May 16, 1982 
May 23, 1982 
May 30, 1982 
June 6, 1982 
June 13, 1982 
June 20, 1982 
June 27, 1982 
J u l y  4, 1982 
J u l y  11 , 1982 
J u l y  18, 1982 
J u l y  25, 1982 
Aug. 1, 1982 
Aug. 8, 1982 
Aug. 15, 1982 
Aug. 22, 1982 
Aug. 29, 1982 
Sept .  5, 1982 
Sept.  12, 1982 
Sept .  19, 1982 
Sept .  26, 1982 
Oct. 3, 1982 
O c t .  10, 1982 
O c t .  17, 1982 

72.7 
71 .O 
69.4 
68.0 
66.8 
65.9 
65.2 
64.8 
64.8 
65.0 
65.5 
66.1 
67.3 
68.2 

71.2 
73.2 
75.0 
76.7 
78.3 

80.4 
80.5 
80.0 
78.8 
77.2 

69 e9 

79  e6 

Average tropopause 
he igh t  , km 

8.14 
8.91 

9.71 
9.76 

10.03 
10.47 
10.53 
10.59 
10.60 
10.54 
10.63 
10.90 
11 a18 
11.55 
11.56-  
11.34 
11.87 
10.95 
11.52 
10.62 
10.56 
11.57 

9.95 
10.30 
10.24 

9 e36 

Average o p t i c a l  depth measured 
from tropopause p lus  2 km 

319.9 x  IO-^ 
278.4 
269.6 
282.1 
258.0 
238.8 
227.3 
373.5 
378.2 
450.6 
462.1 
593.0 
462.3 
397.4 
607.6 
810.0 
697.6 
866.1 
740.6 
501.9 
664.1 
675.0 
171.3 
280.5 
21 5.8 
193.6 
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Figure 1.- L a t i t u d i n a l  coverage of SAM I1 measurements for  
A p r i l  1982  t o  October 1982.  
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August 28, 1982. 
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F igure  12 .- Arctic e x t i n c t i o n  i s o p l e t h  and temperature contours  €or 
A p r i l  28.09 t o  29.17, 1982, a t  l a t i t u d e s  from 74.4O t o  74.1O N 
corresponding t o  o r b i t s  17 715 t o  17 730. 
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Figure 13 .- Arctic e x t i n c t i o n  i s o p l e t h  and temperature Contours f o r  
May 3.08 t o  4.24, 1982, a t  l a t i t u d e s  from 73.1O t o  72.8' N 
corresponding t o  o r b i t s  17 784 t o  17 800. 
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Figure 14  .- Arctic e x t i n c t i o n  i s o p l e t h  and temperature  contours  for  
May 13.06 t o  14.15, 1982,  a t  l a t i t u d e s  from 70.6O t o  70.4O N 
corresponding to  orbi ts  17 922 t o  17 937. 
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Figure 15 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
May 20.08 t o  21.17, 1982, a t  l a t i t u d e s  from 69.2O t o  69.0° N 
corresponding t o  o r b i t s  18 019 t o  18 034. 
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Figure 16.- Arc t ic  e x t i n c t i o n  i sop le th  and temperature contours  f o r  
May 25.07 t o  26.16, 1982, a t  l a t i t u d e s  from 68.3O t o  68.1' N 
corresponding t o  o r b i t s  1 8  088 t o  18 103. 
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Figure 17 .- Arctic e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
June 3.04 t o  4.20, 1982, a t  l a t i t u d e s  from 67.1' t o  66.9O N 
corresponding t o  o r b i t s  1 8  212 t o  1 8  228. 
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Figure 18.- Arctic e x t i n c t i o n  i s o p l e t h  and temperature  contours  f o r  
June 7.10 t o  8 .11 ,  1982, a t  l a t i t u d e s  from 66.7O t o  66.6O N 
corresponding t o  o r b i t s  1 8  268 t o  18  282. 
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Figure 19 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
June 15.05 t o  16.14, 1982, a t  l a t i t u d e s  from 66.2O to 66.1' N 
corresponding t o  o r b i t s  18 378 t o  18 393. 
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Figure 20  .- Arctic e x t i n c t i o n  i s o p l e t h  and temperature  contours  
for June 22.07 t o  23.16, 1982,  a t  a l a t i t u d e  o f  66.1O N 
corresponding t o  orbi ts  18 475 t o  1 8  490. 
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Figure 21 .- Arct ic  e x t i n c t i o n  i s o p l e t h  and temperature contours  for  
J u l y  2.06 t o  3.14, 1982, a t  l a t i t u d e s  from 66.5O t o  66.6O N 
corresponding t o  o r b i t s  18 613 t o  18 628. 
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Figure 22  .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  fo r  
July 6.18 t o  7.26, 1982, a t  l a t i t u d e s  from 66.9O t o  67.0° N 
corresponding t o  orb i t s  1 8  670 t o  18  685. 
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Figure 23 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature Contours for  
J u l y  11.17 t o  12.26, 1982, a t  l a t i t u d e s  from 67.4O t o  67.6' N 
corresponding t o  orb i t s  18  739 t o  1 8  754. 
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F igure  2 4  .- Arctic e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
J u l y  21.59 t o  22.60, 1982, a t  l a t i t u d e s  from 69.1' t o  69.3O N 
corresponding t o  o r b i t s  1 8  883 to 1 8  897. 
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Figure 25.- Arctic e x t i n c t i o n  i s o p l e t h  and temperature Contours f o r  
July 25.13 t o  26.29, 1982, a t  l a t i t u d e s  from 69.8' t o  70.O0 N 
corresponding t o  o r b i t s  1 8  932 t o  18 948. 
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Figure 26 .- Arctic e x t i n c t i o n  i s o p l e t h  and temperature  contours  for  
August 3.10 t o  4.19, 1982, a t  l a t i t u d e s  from 71.7O t o  72.0° N 
corresponding t o  o r b i t s  19 056 t o  19 071. 
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Figure 27 .- Arctic e x t i n c t i o n  i s o p l e t h  and temperature contours f o r  
August 10.12 t o  11.13, 1982, a t  l a t i t u d e s  from 73.4O t o  73.7' N 
corresponding t o  o r b i t s  19 153 t o  19 167. 
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F lgure  28  .- Arctic e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
August 18.08 t o  19.16, 1982, a t  l a t i t u d e s  from 75.5O t o  75.8O N 
corresponding t o  o r b i t s  19 263 t o  19 278. 
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Figure 29 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  for  
August 27.12 t o  28.21, 1982, a t  l a t i t u d e s  from 77.8O t o  78.1' N 
corresponding t o  orb i t s  19 388 t o  19 403. 
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Figure 30.- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  for  
August 31.17 t o  September 1.19, 1982, a t  l a t i t u d e s  from 78.8O t o  
79.0° N corresponding t o  o r b i t s  19 444 t o  19 458. 
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Figure 3 1  .- Arct ic  e x t i n c t i o n  i s o p l e t h  and temperature Contours f o r  
September 10.16 t o  11.24, 1982, a t  l a t i t u d e s  from 80.6O t o  80.8O N 
corresponding t o  o r b i t s  19 582 t o  19 597. 
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F igure  32 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature  con tour s  
for  September 16.23 t o  17.32, 1982, a t  a l a t i t u d e  of 81.2O N 
corresponding t o  o r b i t s  19 666 t o  19 681. 
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Figure 33 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
September 21.95 t o  22.96, 1982, a t  l a t i t u d e s  from 81.2O t o  81.1' N 
corresponding t o  o r b i t s  19 745 t o  19 759. 
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Figure 34 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
September 27.95 t o  28.96, 1982, a t  l a t i t u d e s  from 80.6O t o  80.5O N 
corresponding to  o r b i t s  19 8 2 8  t o  19 842. 
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Figure 35 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
October 5.91 t o  6.92, 1982, a t  l a t i t u d e s  from 79.2O t o  79.0' N 
corresponding to  o r b i t s  19 938 t o  19 952. 
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Figure 36 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
October 10.97 t o  11.99, 1982, a t  l a t i t u d e s  from 78.2O t o  77.8O N 
corresponding t o  orb i t s  20 008 t o  20 022. 

45 



e 

30 I I I I I 1 1 I I 1 

I- I i 
5 1  I I I I I I l l  1 I I 1 I I 1 

-169 -116 -65.3 -13.3 40.3 90.8 14 3 196 

0 
Longitude, E 

( a )  B t i n c t i o n  i s o p l e t h .  

-169 -116 -65.3 -13.3 40.3 90.8 14 3 196 

0 
Longitude, E 

(h) Temperature contours .  

Figure 37 .- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
October 21.82 t o  22.84, 1982, a t  l a t i t u d e s  from 75.6O t o  75.1' N 
corresponding t o  o r b i t s  20 158 t o  20 17 2. 
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Figure 38 .- Anta rc t i c  e x t i n c t i o n  i sop le th  and temperature contours  f o r  
A p r i l  26.01 t o  27.02, 1982, a t  l a t i t u d e s  from 73.3O t o  73.0° S 
corresponding t o  o r b i t s  17 687 t o  17 701. 
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F igure  39 .- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  for 
May 3.90 t o  4.91, 1982, a t  l a t i t u d e s  from 71.4O t o  71 .lo S 
corresponding t o  orbi ts  17 796 t o  17 810. 
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Figure 40.- Antarctic e x t i n c t i o n  i s o p l e t h  and temperature contours  for  
May 13.74 t o  14.75, 1982, a t  l a t i t u d e s  from 69.2O t o  69.0° S 
corresponding t o  orb i t s  17 932 t o  17 946. 
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Figure 41 .- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature Contours f o r  
May 18.73 t o  19-74, 1982, a t  l a t i t u d e s  from 68.2O t o  68.0' S 
corresponding t o  orbi ts  18 001 t o  18 01 5. 
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Figure 42 .- Anta rc t i c  e x t i n c t i o n  i sop le th  and temperature contours  f o r  
May 26.83 t o  27.85, 1982, a t  l a t i t u d e s  from 66.8O t o  66.6O S 
corresponding t o  o r b i t s  18 113 t o  1 8  127.  
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Figure 43 .- Anta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
June 4.66 t o  5.67, 1982,  a t  l a t i t u d e s  from 65.6O t o  65.5O S 
corresponding t o  orbi ts  18 235 t o  18 249. 
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( b )  Temperature contours .  

Figure 44.- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
June 9.72 t o  10.74, 1982, a t  l a t i t u d e s  from 65.2O t o  65.1O S 
corresponding t o  o rb i t s  18 305 t o  1 8  319. 
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Figure 45 .- Antarctic ex t i n c t i o n  i s o p l e t h  and temperature Contours f o r  
June 15.87 t o  16.89, 1982, a t  l a t i t u d e s  from 64.9O t o  64.8' S 
corresponding t o  o r b i t s  1 8  390 t o  18 404. 
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Figure 46 .- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  
f o r  June 21.95 t o  22.96, 1982, a t  l a t i t i i d e s  from 64.7O t o  64.8O S 
corresponding t o  o rb i t s  18 474 to  18  488. 
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F igure  47 .- Anta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
June 28.97 t o  29.98, 1982, a t  a l a t i t u d e  of 64.9O S corresponding 
t o  o r b i t s  1 8  571 t o  18 585. 
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Figure 48.- An ta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
J u l y  6.78 t o  7.80, 1982, a t  a l a t i t u d e  of 65.4O S corresponding 
t o  o r b i t s  18 679 t o  1 8  693. 
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Figure 49 .- Anta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature Contours f o r  
J u l y  11.05 t o  11.99, 1982, a t  l a t i t u d e s  from 65.8O t o  65.9O S 
corresponding t o  o r b i t s  1 8  738 t o  18 751. 
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F igure  50 .- Antarctic e x t i n c t i o n  i s o p l e t h  and temperature contours  
f o r  J u l y  19.66 t o  20.75, 1982, a t  l a t i t u d e s  from 67.0° t o  
67.1O S corresponding to  o r b i t s  1 8  857 t o  1 8  872. 
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Figure 51 .- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
J u l y  25.09 t o  26.17, 1982, a t  l a t i t u d e s  from 67.9O t o  68.0’ s 
corresponding to  orbits 18  932 t o  18  947. 
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Figure 52 .- Anta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  for  
August 3.06 t o  4.07, 1982, a t  l a t i t u d e s  from 69.6O t o  69.8O S 
corresponding t o  o r b i t s  19 056 t o  19 070. 
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Figure 5 3  .- Antarctic e x t i n c t i o n  i s o p l e t h  and temperature Contours f o r  
August 9.93 t o  10.94, 1982, a t  l a t i t u d e s  from 71.1° t o  71.4' S 
corresponding t o  o r b i t s  19 151 t o  19 165. 
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Figure 54.- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  f o r  
August 16.01 t o  17.02, 1982, a t  l a t i t u d e s  from 72.6O t o  72.8O S 
corresponding t o  orb i t s  19 235 t o  19 249. 
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Figure 55 .- Antarctic e x t i n c t i o n  i s o p l e t h  and temperature contours  
f o r  August 23.02 t o  24.04, 1982, a t  l a t i t u d e s  from 74.4O t o  
74.6O S corresponding to  orb i t s  19 332 t o  19 346. 
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F igure  56 .- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
August 29.90 t o  30.91, 1982, a t  l a t i t u d e s  from 76.0° t o  76.3O S 
corresponding t o  orb i t s  19 427 t o  19 441. 
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Figure 57 .- Anta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
September 7.87 t o  8.88, 1982, a t  l a t i t u d e s  from 78.2O t o  78.4' S 
corresponding t o  o r b i t s  19 551 t o  19 565. 
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Figure 58 .- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  for  
September 14.88 t o  15.90, 1982, a t  l a t i t u d e s  from 79.5O t o  79.7' S 
corresponding t o  orbi ts  19 648 t o  19 662. 
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Figure 59 .- Antarctic ex t i n c t i o n  i s o p l e t h  and temperature Contours 
€or  September 22.84 t o  23.85, 1982, a t  l a t i t u d e s  from 80.4' t o  
80.5O S corresponding t o  o r b i t s  19 758 t o  19 772. 
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Figure 60.- An ta rc t i c  e x t i n c t i o n  i sop le th  and temperature contours  f o r  
September 30.80 t o  October 1.88, 1982, a t  a l a t i t u d e  o f  80.5O S 
corresponding t o  o r b i t s  19 868 t o  19 883. 
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Figure 61 .- Anta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  
€or October 8.90 t o  9.98, 1982, a t  l a t i t u d e s  from 79.6' t o  79.5' S 
corresponding t o  o r b i t s  19 980 t o  19 995. 

7 0  



a 
aJ a 
7 
u 
.rl 
u 
rl 
4 

0 Longitude, E 

( a )  Ext inc t ion  i s o p l e t h .  

a 

0 Longitude, E 

( b )  Temperature contours .  

Figure 62 .- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
October 11.94 t o  12.95, 1982, a t  l a t i t u d e s  from 79.1' t o  78.9' S 
corresponding to  orb i t s  20 022 t o  20 036. 
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F igure  63 .- Anta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  f o r  
October 18.01 t o  19.03, 1982, a t  l a t i t u d e s  from 77.8O t o  77.6O S 
corresponding t o  o r b i t s  20 106 t o  20 120. 
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(b) Temperature f i e l d  ( k e l v i n )  a t  loca t ion  of ae roso l  measurement. 

Figure 64.- Arc t i c  e x t i n c t i o n  and temperature d a t a  showing weekly 
averaged values .  The d a t e  marked on the  ho r i zon ta l  a x i s  is  the  
f i r s t  day of the  week t o  which the average value corresponds.  
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Figure 65 .- Anta rc t i c  e x t i n c t i o n  and temperature d a t a  showing weekly 
averaged values .  The d a t e  marked on the  ho r i zon ta l  a x i s  is the  
f i r s t  day of the  week t o  which the  average value corresponds.  
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